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Abstract 
Taking horizontal shock tube as the main equipment in this paper, using chemical ignition and high voltage ignition as the 
ignition source to evaluate the flame wave propagation characteristics of spherical nonmetallic explosion-suppression materials 
and aluminium alloy explosion-suppression materials when the horizontal shock tube was filled with No. 93 gasoline and 
liquefied petroleum gas vapors. The trend of peak overpressure and the flame propagation speed was tested, and the mechanism 
of flame and overpressure propagation was analyzed in the experiment. The results show that the spherical nonmetallic materials 
are better than aluminium alloy explosion-suppression materials for peak overpressure and flame wave propagation velocity 
suppression. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Oil, liquefied petroleum gas and propane etc flammable and explosive liquid (gas) is easy to combust and explode 
if suffered external power (such as static, shootings and collisions) during the storage and application, causing great 
property loss and casualties. Therefore, it is increasingly important to prevent combustion and explosion of 
dangerous chemicals. HAN (Hypostasis Anchor-hold No-explosion) is a very important safety technique in the 
storage and transportation of flammable and explosive hazardous chemicals [1]. HAN separation explosion-
suppression materials used widely at present and it takes metal or organic polymer materials as the substrate [2], and 
is made into mesh or other shapes after adding functional additives. If filled or installed in the oil storage device, 
ground vehicles or armored equipment, aircraft or ship tank, it can quickly transfer heat, and build up flame 
propagation barrier to prevent explosions and other accidents [3]. 
Separation explosion-suppression materials can solve effectively security issues for flammable and explosive 
materials during the storage and application. However, there are some problems existing separation explosion-
suppression materials, metal alloys or non-metal polyurethane foam category, for example, metal material is easily 
damaged and corrode after long-term usage, polyurethane foam is prone to swelling and cause falling in quality 
indicators of the protected objects etc; while it also causes in declining of explosion suppression performance. 
Therefore, on the basis of chemical properties of flammable and explosive liquid (gas), Beijing POL Research 
Institute used polymer materials and additives with high chemical stability and made a kind of spherical nonmetallic 
explosion-suppression materials with porous and good chemical stability, excellent mechanical strength, filling, 
flammable redundancy, thermal and static conductivity. Compared with traditional metal alloys and nonmetallic 
polyurethane explosion-suppression materials, separation explosion-suppression materials are more suitable for 
explosion-proof in the flammable and explosive liquid (gas) equipment. 
Horizontal shock tube is a typical device to test the performance of explosion suppression according to the 
requirements of standard AQ3001-2005 [4]. Literatures [5–6] discussed the explosion suppression performance 
testing in horizontal shock tubes made in different explosion-suppression materials. However, the existing gas and 
the test environment used in the shock tube testing are not perfect [7], single test gas and environment cannot meet 
the requirements of explosion suppression performance tests. Accordingly, this paper takes a horizontal shock tube 
as the testing tool and uses two different flammable gases (gasoline vapor and liquefied petroleum gas) as well as 
two different ignition means (chemical ignition and high-pressure arc ignition), to carry on comparative studies on 
explosion suppression properties of spherical separation explosion-suppression materials. 
2. Experimental process 
2.1. Test principle and devices 
The flammable and explosive oil vapor or gas was sealed in the horizontal shock tube, and ignited by ignition 
device in the most suitable explosion point. Blasting shock wave was transmitted in the pipeline of a shock tube, and 
can form detonation wave in the stable propagation. "Small room" or "cavity" formed by separation explosion-proof 
materials in the shock tube can inhibit flame propagation. Use pressure sensors to test combustion wave or blast 
wave’s propagation time and distance, and calculated the propagation velocity. Explosion suppression performance 
of the separation explosion-suppression materials can be judged comprehensively according to test pressure and 
flame propagation speed. 
This paper is based on the one-dimensional horizontal shock tube blasting device designed by our research group 
independently, the device is used to measure temperature or pressure changes during different types of fuel vapor 
explosion, represent explosion characteristics of blasting gas in the horizontal propagation direction and measure 
parameter changes in the explosion of fuel vapor before and after the shock tube is filled with explosion-suppression 
materials, then get explosion suppression properties of explosion-suppression materials. In order to prevent the 
spherical nonmetallic separation explosion-suppression materials from accumulating when scrolling in the shock 
tube, separation nets is set with 0.5m interval in the shock tube to ensure stability of the explosion-suppression 
materials. 
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Experimental apparatus is shown in Fig. 1. The system is mainly composed of tube, computer control, processing 
procedures, the ignition system, the gas circulation system, oil and gas generation equipment, transceiver device etc. 
The design length of shock tube is 3000mm and the diameter is 76mm, the maximum design pressure is 40atm; the 
temperature acquisition rate is not less than 0.2ms/point, and the pressure acquisition rate is not less than 0.2ms 
/point, accuracy of constant temperature is 0.1ć; ignition methods include high-pressure arc ignition and chemical 
ignition; computer remote wireless control shall be designed as the trigger control of the shock tube in the test to 
ensure the safety of the test. 
 
1—Computer control and process procedures; 2—Ignition system; 3. Pressure sensor; 4—Gas circulation system; 5—Oil- gas generating device; 
6—Pump body; 7—Shock tube body; 8—Transceiver device 
Fig. 1. Schematic diagram of the horizontal shock tube. 
2.2. Test materials 
The spherical nonmetallic separation explosion-suppression materials are adopted as recent research materials by 
the Beijing POL Research Institute; while metallic aluminum separation explosion-suppression materials are 
provided by Shenzhen En Yuan Technology Co., Ltd. 
2.3. Test procedures 
According to requirements of AQ3001-2005 [4], detected the gas tightness of shock tube before the test and 
started circulation pump for 30 min after materials were filled to ensure even distribution of the combustive and 
explosive mixed gas in the body of the shock tube. To ensure combustive and explosive mixed gas was easy to be 
ignited, body of the shock tube was placed under 40ć constant temperature for 2 h, and the initial pressure in the 
shock tube was always adjusted to the atmospheric pressure through the air hole. Close all valves and vents before 
tested the remote control ignition. 
Spherical nonmetallic separation explosion-suppression materials were filled in according to the standard of 40/L, 
packing density of the metal aluminum alloy separation explosion-suppression materials were 30kg/m3. Explosive 
mixed gas was the mixed gas of gasoline vapor, LPG vapor and air. For easy text markup, mark the spherical 
nonmetallic separation explosion-suppression materials and metal aluminum alloy explosion-suppression materials 
as Q-ESM and J-ESM. Mixed volume ratio of gasoline vapor and liquefied petroleum gas is 5% and 9.1% (the 
optimum blasting point) respectively. The experiments adopted high-pressure arc ignition and ignition grains 
(chemical ignition) with different ignition energy and studied the explosion suppression performance of separation 
explosion-suppression materials in different ignition energies. 
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3. Explosion suppression mechanisms 
The explosion suppression mechanisms can be explained from two aspects as follows. Firstly, after filling 
explosion-suppression materials in flammable gas, liquid container, it will form numerous small channels in the 
shock tube. When the flame goes through the tube free radicals generated by combustion will frequently collide with 
the small channels, and it will greatly reduced energy and pressure of the flame. Secondly, explosion-suppression 
materials have large specific surface area, the structure of materials can rapidly conduct and absorb most of the heat 
released from combustion.  
In terms of the model, the explosive model in the shock tube is a barrier that inhibits flame to propagate in the 
pipeline actually; the flame propagation is limited into a very small scope by the progressive explosion-suppression 
materials, which inhibits chain reaction of blasting gases to develop. Explosion-suppression materials need some 
structural strength to absorb the flame overpressure, its good thermal conductivity can transfer heat of the flame to 
the container wall. According to the burning and explosion model of combustible mixed gas in the fuel tank, which 
was given in the literature [8–10], in the range from VC (the void volume reserved) to V1 without adding any 
explosion-suppression materials in the shock tube, the relation between P and P1 is P1 = KP (K is temperature 
change coefficient, K ≈ 8 [11]). Whereby, on the analogy of this, the pressure variations in the different pipeline 
sections V1 and V2, V2 and V3 and so on present the same linear relation. Therefore, if no explosion-suppression 
materials are loaded in the shock tube, pressure of the blasting gases in the shock tube will continuously increase in 
the process of flame propagation, and the propagation velocity increases fast. If the shock tube is long enough it 
could form stable shock wave. 
In the shock tube filled with explosion-suppression materials, which can gradually restrict the combustion in the 
left blank until flame extinguishes. As shown in Fig. 2, changes of pressure in the shock tube can be researched 
according to the thermodynamic model in the entire process. According to the explosion suppression model of the 
fuel tank given in the literature [9], this theory applies to calculations of pressure change in the shock tube. Therefore, 
the pressure PX at different tube sections within the shock tube can be expressed as:  
                                                               ܲݔ ൌ ܲሼܸܥ൅ܸܺ ሽ
ܰ
൝ܸܺ൅ܸܥቂͳܭቃ
ͳ
ܰൡ
ܰ                                                                                       (1) 
where: X = 1, 2, 3, 4, 5; N is specific heat ratio of the constant pressure and constant volume; VC is the void volume 
reserved; K is the coefficient of temperature variation. 
 
Fig. 2. Explosion suppression model of shock tube filled with materials. 
It can be drawn from equation (1) that when VX = 0 and the shock tube is not filled with materials, namely PX = 
KP. After the shock tube is filled with materials, which can decline the flame spread pressure rapidly and avoid 
acceleration or interrupt transmission of the flame propagation in the flame shock tube. Furthermore, transmission 
attenuation of the flame pressure wave in the explosion-suppression materials is closely related with the 
characteristics of explosion-suppression materials, including structural strength and conductivity, wherein the 
structural strength is the main factor. Explosion-suppression materials absorb impact energy generated during the 
Explosion suppression materials 
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flame propagation through structural deformation. More impact energy is absorbed if the intensity increases. When 
Q-ESM is compressed to 1/3 of the deformation amount in a single direction; the compression strength obtained 
through tests by the universal testing machine reaches 48 MPa, significantly higher than that of J-ESM.  
4. Results and discussion 
4.1. Influence of explosion-suppression materials on the flame propagation pressure 
The experiment tested the changing process of pressure peak at different points in the shock tube; the results are 
shown in Fig. 2. As can be seen from Fig. 2, Q-ESM and J-ESM are able to inhibit flame propagation of blasting 
mixture gases (mixed by petrol vapor and LPG) in the process chemical and high pressure arc ignition. Use  ΔP to 
represent the increase of peak pressure in the shock tube, the explosion suppression performance takes blasting 
pressure increase in the shock tube as assessment indicator and the blasting pressure increase is calculated as follows: 
ΔP = (ΔP1+ ΔP2 + ...... + ΔPn) / n                                                              (2) 
where P is the blasting pressurization, in MPA mega Pascal (MPa);ΔP1, ΔP2, ΔP3, ΔP4, ΔP5, ΔP6 is the peak 
overpressure of respective pressure sensors after blasting mixture gases blast in the test containers; n is the number 
of sensors to test the blasting pressure in the test container . 
In the condition of not loading explosion-suppression materials, the blasting pressure increase after mixture gases 
explode in the shock tube is denoted as ΔP', the reduction amplitude of pressure in the shock tubes, which are loaded 
with different explosion-suppression materials verse those unloaded with any explosion-suppression materials, is 
denoted as γ, can be calculated by the following formula: 
'
'
Δ Δ 100%Δ
P P
P
J  u                                                                                  (3) 
It can be seen from Fig. 3 that whether there are different ignition means or different mixture of blasting gases in 
the shock tube without any explosion-suppression materials, the stable blasting state is developed from the unstable 
combustion at the low speed. Due to the different ignition energy, the development trend of two blasting gases flame 
burning in the chemical ignition means is higher than that in the high pressure arc ignition. After loading J-ESM, the 
overpressure peaks of the flame propagation in the mixture of gasoline and air and liquefied petroleum gas present 
increase first in the small amplitude and then decrease slowly. However, after loading Q-ESM, the overpressure peak 
presents a clear downward trend. The pressure reduction amplitudes γ of different materials are shown in Table 1. 
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Fig. 3. Change trend of the peak overpressure with sensor (1-6 #) order in shock tube. 
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Table 1. Reduced value of the pressure in shock tube experiment. 
Media Material type Chemical ignition Arc ignition under high pressure 
mixture gases of 93 # 
gasoline and air 
J-ESM 53.66 60.93 
Q-ESM 77.06 78.26 
mixture gases of liquefied 
petroleum gas and air 
J-ESM 44.75 49.02 
Q-ESM 69.89 70.23 
 
It can be seen from Table 1 that J-ESM and Q-ESM both show good explosion suppression performance and Q-
ESM explosion effect is obviously superior to that of J-ESM. It is discovered by comparison that in the same kind of 
test gases, Q-ESM’s explosion suppression performance has no significant change in the chemical ignition and arc 
ignition under high pressure; it is because Q-ESM has unique high strength structure plus of more closed and 
winding flame propagation channels, which can effectively absorb the flame’s impact energy. However, in the same 
kind of experimental gases, J-ESM’s explosion-suppression effect in the chemical ignition means is lower than that 
in arc ignition under high pressure, it is because ignition energy of chemical ignition is significantly higher than that 
of arc ignition under high pressure, causing the blasting gas to form higher impact energy and higher flame wave 
pressure. J-ESM has lower structural strength, its aluminum alloy film forms a higher ductility, which leads that 
structural deformation of J-ESM cannot effectively absorb propagation of the flame with higher energy and intensity, 
thus causing explosion suppression performance being reduced in the chemical ignition mean. Meanwhile, with the 
same ignition means, the explosion suppression performance of J-ESM and Q-ESM in the mixture gases of liquefied 
petroleum gas and air is lower than that of the mixture gases of 93 # gasoline and air. It is because flame of mixture 
gases of liquefied petroleum gas and air has stronger blasting capacity, and the pressure wave of flame propagation 
is higher than that of the mixture gases of 93 # gasoline and air, so that J-ESM and Q-ESM cannot effectively absorb 
more impact energy in the early stage of flame propagation. 
4.2. Impaction of explosion-suppression materials on the flame propagation speed 
According 4.1, J-ESM and Q-ESM has similar effect of explosion suppression on the mixture gases of 93 # 
gasoline and air, and the mixture gases of liquefied petroleum gas and air. For easy presentation, this paper only 
calculates the flame propagation velocity when the shock tube is filled with the mixture gases of LPG and air. 
According to time intervals to get pressure peak by pressure sensors, it can calculate flame propagation velocity at 
different points to the igniter in the shock tube. V1, V2, V3, V4, V5 represents respectively the maximum flame 
propagation velocity of two adjacent sensors. The calculation results are shown in Table 2. 
Table 2. Flame propagation velocity of different ignition methods. 
Ignition means Loading type V1 V2 V3 V4 V5 
Chemical 
ignition 
No explosion-
suppression materials 
121.32 164.84 196.89 240.33 304.85 
90.83 88.46 83.60 79.54 76.56 
Loading J-ESM 87.76 65.43 50.98 36.35 22.43 
Arc ignition 
under high 
pressure 
No explosion-
suppression materials 
92.88 126.47 164.67 203.54 243.82 
Loading J-ESM 65.37 63.35 61.56 58.43 53.16 
Loading Q-ESM 63.71 55.89 42.46 32.14 24.53 
 
It can be seen from Table 2 that when the shock tube doesn’t load any explosion-suppression materials; the 
process of flame of LPG grows from the initial unstable flame propagation into the stable flame blasting in high 
growth velocity. The flame propagation is suppressed in the shock tube loaded with explosion-suppression materials. 
Wherein, Q-ESM has more effective inhibition effect on the flame propagation in the shock tube. In order to contrast 
this phenomenon more clearly, the maximum flame propagation velocity is assumed in the two sensors’ middle 
position. Draw the figure with the flame propagation speed verse the distance to the ignition end of the shock tube[5], 
as shown in Fig. 4. 
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Fit curves in Fig. 4, the fitted straight lines can be obtained on the flame propagation velocity verse the distance 
from the igniter, the inhibitions of explosion-suppression materials to the propagation of flame can be judged from 
the gradients of straight lines, fitting results are shown in Table 3. The smaller the gradients of fitting lines are, the 
higher the explosion suppression performance is. It can be seen from Table 3 that gradient of the fitted line of Q-
ESM explosion-suppression materials are the minimum (maximum negative value), indicating that Q-ESM has the 
most significant effect on the attenuation of flame propagation velocity. The inhibition capability of J-ESM on the 
flame propagation speed is much less than that of Q-ESM. Under both ignition conditions, attenuation capacity of J-
ESM on the flame propagation velocity is about 1/4 that of Q-ESM. Structural strength of the spherical nonmetallic 
explosion-suppression materials are much greater than that of metal materials, barrier effect generated by structural 
deformation or breakage can consume a large amount of impact energy generated during the flame transfer process, 
and attenuate the flame propagation velocity dramatically. 
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Fig. 4. Flame propagation velocity of different points. 
Table 3. Fitting equation and correlation of the flame propagation velocity. 
Ignition means Loading type Formula of fitting lines R 
Chemical 
ignition 
No explosion-suppression 
materials 
y=50.75+88.51x 0.9921 
Loading J-ESM y=96.91-7.49x 0.9995 
Loading Q-ESM y=108.50-31.95x 0.9945 
Arc ignition 
under high 
pressure 
No explosion-suppression 
materials 
y=33.64+75.79x 0.9995 
Loading J-ESM y=70.64-5.868x 0.9724 
Loading Q-ESM y=79.48-20.42x 0.9551 
 
5. Conclusions 
With different ignition source and explosion medium, spherical nonmetallic explosion-suppression materials have 
better explosion suppression performance, higher structural strength than that of metal aluminum alloy explosion-
suppression materials. Furthermore, the flame propagation path of spherical nonmetallic explosion-suppression 
materials have greater tortuosity, which can reduce more energy in the process of combustion, so that the pressure 
and velocity of flame propagation decline rapidly. 
Spherical nonmetallic explosion suppression materials have better explosion suppression performance and higher 
chemical stability than those of the metal alloy materials, and they are easy for production loading and unloading. 
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Spherical nonmetallic explosion suppression materials also eliminate limitations of metal alloy explosion 
suppression materials in larger extent, suitable for application to military equipment, and civilian equipment. 
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